In order to manage construction and demolition (C&D) waste, which is harmful to the natural environment and human health, legislation has been introduced throughout the world. In Turkey, the most comprehensive regulation that deals only with C&D waste management (WM), entered into force in 2004. However, changes in the construction sector from 2004 until the present has led to inadequacies in some areas of this regulation. Therefore, a new draft regulation was prepared in 2017. This study is conducted to understand the strengths and weaknesses of the C&D WM regulations, identify the problems, and give recommendations. A threestage methodology is adopted that includes a literature review, classifying the findings and analysing the relevant literature under the five main topics (the objective and the extent of the regulations, occupational health and safety issues, planning the demolition, collecting and transporting the produced waste, and establishing and operating the recovery plants). The findings show that the draft regulation contains arrangements for Turkey's current conditions. The terms of the draft regulation have brought more importance to environmental and human health, and occupational health and safety issues. However, only asbestos has been highlighted in the draft regulation as a hazardous waste. The draft regulation includes a limited arrangement regarding the waste produced in the case of refurbishment projects. It is assumed that eliminating the deficiencies in the draft regulation and the enactment of it will be an important step. Thus, environmental and economic benefits for Turkey will follow.
Introduction
In parallel with construction sector activities, new buildings are constructed rapidly. Refurbishments are carried out according to improvements in the construction sector, the changing demands of the users or the age of the buildings. In addition, in many countries, several buildings are demolished within the scope of urban transformation projects. All these activities have put C&D WM issues on countries' agendas. In the European Union (EU), C&D waste was the single largest waste stream, accounting for 36.4 % of all waste in 2016, 2538 million tons in total (EUROSTAT, 2019) . In the UK, 66.2 million tons of non-hazardous C&D waste generation was reported in 2016 (DEFRA, 2019) . In the USA, an analysis was performed to estimate the total amount of C&D waste generation, resulting in an estimated total of 583 million tons of C&D waste generation for 2014 (Townsend and Anshassi, 2018) . Similar amounts of waste generation were reported in Hong Kong (EPD, 2018) , and China (Wang et al., 2008) . Since these large amounts of C&D waste are considered to be an important environmental problem in many countries, many regulations on these issues have been introduced. C&D WM is adopted as part of government policy, and guidelines regarding the issues have been prepared.
In the EU countries, directives relevant to C&D WM are listed as the following: Waste Directive 2008, Landfill Directive, Integrated Pollution Prevention and Control Directive, Packaging and Packaging Waste and the Hazardous Waste Directive. The European Commission also prepared and published "EU Construction & Demolition Waste Management Protocol and Guidelines" in 2018. In the USA, The Resource Conservation and Recovery Act (RCRA) governs the federal solid waste management system. According to RCRA, C&D waste is a solid waste and can potentially be a hazardous waste. If a C&D waste stream does not contain asbestos and is not hazardous waste, management requirements are not covered by federal regulations. Since every State has the freedom to create C&D WM regulations to fit their unique situations, there are several regulations in the USA (Clark et al., 2006) . In the People's Republic of China (PRC), the government has not prepared specific laws for C&D WM, but related provisions are covered by subordinate laws, including the Environmental Protection Law, the Cleaner Production Promotion Law, the Solid Waste Pollution Prevention Law, the Circular Economy Promotion Law and the Building Law. However, there are sixteen C&D waste recycling-related standards and eight local standards in the PRC (AECOM, 2018). In Japan, C&D waste source-separation and recycling requirements are mandatory. Since the Construction Material Recycling Law was enacted in May 2000 (AECOM, 2018), Japan's recycling rate has subsequently reached 96 % by 2012 (MLIT, 2018) .
Like many developing or developed countries, various legislation has been referred partly or wholly to C&D waste issues in Turkey since the 1950s. The most comprehensive regulation in Turkey regarding the control and recovery of C&D waste is the "Regulation of the Control of Excavation Soil, and Construction and Demolition Waste" number 25406, enacted by the Ministry of the Environment and Forestry, which came into force on March 18th, 2004. This regulation includes general rules about administrative and technical subjects on the reduction, collection, temporary storage, recovery, evaluation and disposal of excavation soil and C&D waste. Although Turkey has a specific regulation designed for C&D waste, it is stated in some studies that there are some deficiencies in the content of the regulation because of changing conditions in construction sector activities in Turkey (Coşgun and Esin, 2006; Salgın, 2009 ). Since Turkey is a developing country, there is significant activity in the construction sector, and the role of the sector within the whole economy has drastically increased. The need for construction has also multiplied and gained urgency following the 1999 earthquakes (Akıner and Akıner, 2009) .
Moreover, the government has begun a major urban renewal programme, aimed at readying Istanbul and other cities for future earthquakes (Oxford Business Group, 2018) , as 66 % of Turkey's land is in first and second level earthquake zones, which supports nearly 71 % of the country's population. When the existing building stock of Turkey is considered, it is clear that the majority of the housing stock must be transformed through demolition, retrofitting and reinforcement activities (Deloitte Turkey, 2018) . Thus, all these activities will increase C&D waste, and the need for efficient waste stream management will be increasingly important. For these reasons, a new draft regulation has been prepared, and efforts have been made to overcome the deficiencies of the previous regulation.
The goal of this study is to conduct an overview of C&D WM regulations in Turkey to understand the strengths and weaknesses of the current and draft C&D WM regulations; identify potential problems; produce an output that is useful for the country's regulatory framework for C&D WM in the future, and develop recommendations. Determining the strengths and weaknesses of the regulations and developing recommendations for the elimination of deficiencies in the regulations is important in raising the level of awareness among rule makers, decision-makers and construction sector professionals.
In accordance with this goal, this study presents an overview of the improvements in C&D WM regulations in Turkey. Since the 2004 regulation and the 2017 draft regulation are the most comprehensive, and the most recent regulations in this area, they are compared to each other. The deficiencies in the 2004 regulation and the arrangements for correcting them have been put forward. The improvements are discussed, and recommendations made.
Methodology
The focus of the study is to review the C&D WM regulations in Turkey. To understand the strengths and weaknesses of the C&D WM regulations, recognise the problems, and provide recommendations, a three-stage methodology is adopted. A literature review is included that classifies the findings and analyses the relevant literature.
Stage 1 involves conducting a literature review. Turkish WM legislations for C&D waste were acquired from the official website of the Official Gazette of the Republic of Turkey and the Ministry of the Environment and Urbanization. The keywords used for the search were as follows: C&D WM regulations and WM regulations in Turkey. These laws and regulations that are partly or wholly related to C&D WM issues in Turkey are respectively shown in Fig. 1 .
Stage 2 is based on the classification of the findings. Content analysis was conducted on the results to determine the most relevant legislation regarding C&D waste. Until "Regulation of the Control of Excavation Soil, and Construction and Demolition Waste", C&D WM issues were briefly addressed in the regulations (Official Gazette of the Republic of Turkey, 1959; 1983; 1988; 1991) . Of all the regulations, it is found that "Regulation of the Control of Excavation Soil, and Construction and Demolition Waste" and "Draft Regulation for Demolition Operations and Controlling Excavation Soil, and Construction and Demolition Waste" are the most comprehensive and recent regulations entirely concerning C&D waste, and are examined in this study.
Stage 3 involves an analysis of the relevant literature. Based on the analysis of the most comprehensive and recent regulations concerning entirely C&D waste in Turkey, the comparison of the two regulations is discussed in subcategories. To determine these subcategories, the priorities in WM are clarified. Given that Turkey is a developing country, and because construction sector conditions change, so do the objectives and extent of the regulation. The number of urban regeneration projects is increasing rapidly, mainly due to reasons such as earthquake risk and aging buildings. A large amount of C&D waste is being produced as a result of urban transformation projects (Salgın and Coşgun, 2018) . To cope with the huge amounts of waste, it is important to plan demolitions, collect and transport the produced waste, and establish recovery plants. Moreover, health and safety issues in the regulations have become important since C&D waste may contain hazardous content such as asbestos. Accordingly, the regulations are examined based on the following subcategories: describing the objective and the extent of the regulations; studying the occupational health and safety issues in the regulations; planning the demolition; collecting and transporting the produced waste, and establishing and operating the recovery plants. From this, improving the C&D WM regulations is discussed, deficiencies highlighted, and recommendations made for further studies.
Results

Improvements to the C&D WM Regulations in Turkey
In Turkey, C&D waste issue has entered the country's agenda with Article 4 of the "Law Regarding Assistance and Precautions for Disasters Occurring in Public Life". It is stated that the responsible persons should be determined by the governorships in order to clear the demolition waste after natural disasters (Official Gazette of the Republic of Turkey, 1959) . The same issue is addressed by Article 14/b, 24/b, 24/c and 25 of the "Regulation Regarding Immediate Support Organization and Planning Principles of Disasters" (Official Gazette of the Republic of Turkey, 1988) . It was prohibited to dump excavation soil to seas, lakes and rivers with Article 23 of the "Regulation of the Control of Solid Wastes" (Official Gazette of the Republic of Turkey, 1991) . Similarly, C&D WM issues are briefly addressed in several articles on the regulations, which are shown in Fig. 1 (Official Gazette of the Republic of Turkey, 1983; 2004b; 2005a; 2005b; 2010a; 2010b; 2010c; 2014; .
There were no arrangements addressing Istanbul regarding the management of C&D waste until 2002; however, the governorship of Istanbul put into force "The Directive for Controlling Excavation Soil and Construction Debris" with the purpose of preventing illegal dumping of C&D waste at the sides of streams and roads, and especially determining the sites that could be used for landfill. Unfortunately, illegal dumping by streams and roadsides could not be prevented due to the deficiencies in the directive, and the need emerged for a new regulation (Birpınar and Akdağ Sarı, 2011) . To this end, the "Regulation of the Control of Excavation Soil, and Construction and Demolition Waste" was published on March 18, 2004, as the first and most inclusive regulation focusing only on C&D waste. This regulation controls the general rules to be followed in addition to the technical and administrative issues regarding the initial reduction at source, collection, transportation, temporary storage, utilisation and disposal of C&D waste with no harm caused to the environment. However, the developments and changes occurring in the Turkish construction sector since 2004 have further revealed the deficiencies of the regulation. In particular, the large amount of C&D waste produced by the growing urban transformation projects has become a major problem for Turkey.
For this reason, it was necessary to update the regulation that was prepared in 2004. To this purpose, the "Regulation for Demolition Operations and Controlling Excavation Soil, and Construction and Demolition Waste" was published as a draft by the Ministry of the Environment and Urbanization on 21 April 2017. This draft regulation regulates the rules and procedures related to the management and control of demolition and excavation operations as well as the excavation soil and C&D waste produced by these operations, with no harm to the environment or human health and safety.
The revisions that were made to the draft regulation to eliminate the deficiencies in the regulation, prepared in 2004, were analysed under the following titles:
• Describing the objectives and extent, • Studying occupational health and safety, • Planning the demolition, • Collecting and transporting the produced waste, • Establishment and operation of recovery plants.
Describing the objective and the extent
A comparison of the two regulations showed that the description of the objective had changed. While the 2004 regulation was focused on "the rules that must be followed in the WM stages of excavation soil and C&D waste in a way that does no harm to the environment" (Official Gazette of the Republic of Turkey, 2004a) , the regulation that was prepared in 2017 was focused on "the principles of the management and control of the excavation soil and C&D waste that is produced by demolition and excavation operations in a way that does no harm to the safety of the environment and human health" (Republic of Turkey Ministry of the Environment and Urbanization, 2017). The phrase "demolition and excavation operations" in the target description of the 2017 draft shows that the extent of the regulation became broader, with the phrase "the safety of the environment and human health" indicating that more importance was attached to the relationship between human health and the C&D waste. The extent of the draft regulation was also changed. While the 2004 regulation addressed "the principles related to the individual collection, temporary storage, transportation, recovery, utilization and disposal of excavation soil and C&D waste in their production site" (Official Gazette of the Republic of Turkey, 2004a) , the 2017 draft focuses on "the principles of the safety precautions to be taken during the demolition operation to protect the environment and human health, and demolition methods, as well as the individual collection, temporary storage, transportation, recovery, reuse, utilization and disposal of excavation soil and C&D waste in the production site" (Republic of Turkey Ministry of the Environment and Urbanization, 2017). Based on this point, it was observed that the draft regulation attaches more importance to occupational health and safety, and includes the demolition methods that have improved with technological developments.
Studying occupational health and safety
While the 2004 regulation involves the principles to be followed in the demolition, dismantling and refurbishment of the buildings made using asbestos with the purpose of protecting the health and safety of workers (Official Gazette of the Republic of Turkey, 2004a), the 2017 draft includes an article introducing the obligation to use personal protective equipment and take all precautions required for occupational health and safety, as well as complying with the terms related to "notice about the training programs on asbestos handling" (Republic of Turkey Ministry of the Environment and Urbanization, 2017). This occurred as a result of an asbestos problem that emerged after the increase in demolition operations required by urban transformation projects. Even though the use of asbestos in Turkey was controlled from 2008 and banned with a regulation that was enacted by the Council of Ministers on December 2010, there are products containing asbestos in many buildings up to that date (Tuna Taygun, 2016) . Asbestos fibres that hang in the air during the unsupervised dismantling of these products reach the lungs, and the fibres accumulate in lung tissue, leading to a variety of asbestos-related health problems over time. Thus, it is important that the demolition of asbestos products and the other hazardous waste during urban transformation processes be performed under supervision in accordance with these obligations (Salgın and Coşgun, 2018) . With this article in the draft regulation, the level of awareness of hazardous C&D waste has increased.
Another article in the regulation is the condition about having an urgent medical team in attendance and a fire fighting team in the districts where controlled explosive demolition operations are performed (Republic of Turkey Ministry of the Environment and Urbanization, 2017). This new article shows that occupational health and safety issues have become more important in Turkey.
Planning the demolition
The issue of planning the buildings' demolition was not included in the 2004 regulation. However, it is mentioned comprehensively in the draft regulation. Accordingly, it is necessary to create a plan before demolition (Fig. 2) . This plan needs to include the following topics:
• a map, a photo and a satellite image of the building, the function of the building, the number of floors, construction area and information about the building materials; • the demolition method;
• an evaluation of the risks that might be created by the demolition on the surrounding buildings; • emergency precautions; • a work schedule; and • a management plan for the waste to be produced (Republic of Turkey Ministry of the Environment and Urbanization, 2017).
It is compulsory that this plan is approved by the relevant authority. Since the most important strategy in the prevention/reduction of C&D waste is managing this process within the framework of a plan, the comprehensive discussion of creating a demolition plan in the draft regulation has been determined to be positive regarding the reduction of the quantity and hazards of the C&D waste to be produced.
The draft regulation also embraces the demolition methods in detail, which is consistent with the technological developments that have been made since 2004. The 2004 regulation did not mention any method in a detailed way except for the phrase "in cases that it is performed by construction equipment with hydraulics, the concrete structures including columns and beams are to be cut or destroyed" (Official Gazette of the Republic of Turkey, 2004a) . However, the 2017 draft stated that the demolition operations would be performed using controlled explosive demolition methods, demolition methods with longreach demolition machines, excavator demolition methods or top-down demolition methods (Republic of Turkey Ministry of the Environment and Urbanization, 2017).
Another important development related to demolition operations was in selective demolition. The 2017 draft made it compulsory to reuse the materials with selective demolition and to sort out the wastes at their source and subject them to recovery operations for the creation of an effective recovery and disposal system (Fig. 3) (Republic of Turkey Ministry of the Environment and Urbanization, 2017). Fig. 2 The flow chart for demolition plan preparation Fig. 3 The flow chart for selective demolition
The purpose of selective demolition in the 2004 regulation was only to sort out the foreign substances that are not possible to recover before or during the demolition of buildings, and to perform the demolition on certain scales in a controlled manner (Official Gazette of the Republic of Turkey, 2004a) . It is clear that the importance attributed to the reuse and recycling of waste increased with this approach in the 2017 draft.
Collecting and transporting the produced waste
Regarding the collection and transportation of the produced waste, the 2004 regulation mentions that the waste should be carried by vehicles with transportation licenses to the storage sites that have the necessary permissions (Official Gazette of the Republic of Turkey, 2004a). However, since 2004, it has been observed that this permission is not enough. It has not been possible to prevent illegal dumping because there was no technology to record the waste and track it from the production area to the place it is being transported. In the 2017 draft, as a result of developments in technology, a vehicle tracking system was created to solve this problem. The trucks collecting excavation soil and C&D waste should be painted in yellow, have "vehicle to transport excavation soil and C&D waste" written on them in capital letters, and the vehicles should have a vehicle tracking system installed in them (Republic of Turkey Ministry of the Environment and Urbanization, 2017). Therefore, it is possible to record collection and transportation operations. It is assumed that these methods will prevent illegal dumping.
Establishment and operation of recovery plants
The conditions for the establishment and the general qualities of recovery plants are mainly the same in the two regulations. However, the draft regulation makes it compulsory to surround the plant with at least a two-meter-high wire fence to prevent it from being seen from the outside, and to keep the plant clean and well maintained, while the 2004 regulation mentions surrounding the plant with wire fence (Official Gazette of the Republic of Turkey, 2004a; Republic of Turkey Ministry of the Environment and Urbanization, 2017) . This situation can be accepted as an indicator of the increase in environmental awareness in Turkey.
According to the 2004 regulation, the aggregate products that have been recovered after processing in these plants are used in landfill operations (Official Gazette of the Republic of Turkey, 2004a) . The 2017 draft comprehensively discusses the areas of usage for recovered aggregate products. These products can be used as landfill or foundation material, or as a component to produce concrete of different levels of strength. The regulation also includes the issue of sending wastes like glass, metal, wood, gypsum board, ceramic, brick, tile and plastic to recycling plants (Republic of Turkey Ministry of the Environment and Urbanization, 2017). Recycling of waste will reduce the use of raw materials and provide environmental and economic benefits.
The 2017 draft also suggests that analyses showing the qualities of the waste brought to recycling plants, as well as the qualities of the recycled products, should be conducted in laboratories established in the plants or in laboratories that have the necessary authority from the ministry (Republic of Turkey Ministry of the Environment and Urbanization, 2017). Thus, it will be possible to prevent the production of non-standardized products.
Discussion
Section three analyses the innovations offered by the 2017 draft regulation, which was prepared to eliminate the deficiencies in the 2004 regulation written to address the management of C&D waste (Fig. 4) .
It can be seen that the terms of the draft regulation have brought more importance to environmental and human health, and occupational health and safety issues in Turkey. This regulation embraces the points below to solve the problem of increasing waste, especially after the growth in demolition operations on urban transformation sites:
• Determining the demolition methods and planning the demolition operations; • Recording the waste during collection and transportation; and • Caring about recovery and making selective demolition compulsory.
However, it is believed that the terms of the draft regulation have certain deficiencies as well. The draft regulation stresses that asbestos is a hazardous waste that creates a risk for human and environmental health in building demolition operations. Some hazardous chemicals, including polychlorinated biphenyls (PCBs), lead and mercury also create risks for human and environmental health. In this regard, it is recommended that all of these hazardous wastes should be discussed in detail within the scope of the regulation; the buildings should be analysed for these wastes, and the demolition operations should be performed taking precautions in accordance with the results.
The draft regulation includes a limited arrangement about the waste to be produced in the case of refurbishment during the usage stage of the buildings. Waste producers are responsible for applying to the relevant authority -or the companies that have obtained licenses for the collection and transportation of the waste -to have the waste collected, transported, and be taken to the permitted sites for C&D waste up to two tons (Republic of Turkey Ministry of the Environment and Urbanization, 2017). However, it is believed that this arrangement is not enough for the management of the C&D waste to be produced by refurbishment operations. It is important to prepare a refurbishment plan (Fig. 5 ) before every refurbishment in the same way that the demolition plans are prepared for building demolition operations.
In this plan, it is necessary to analyse the building in terms of structural systems, materials and products, and hazardous content. Following this, the types and amounts of waste to be produced should be identified, and the reuse, recycling and recovery possibilities should be determined, with the related plants specified accordingly. A work schedule should also be included in the plan to consider the people living nearby who will be exposed to noise and dust. The work schedule should contain the start and end dates and the working hours. It is believed that there is also a need to arrange to register the refurbishment plan with the relevant administration and include the necessary information and permissions.
Conclusion
C&D WM issues in Turkey have been discussed under various legislation since the 1950s. The most comprehensive regulation was produced in 2004 called the "Regulation of the Control of Excavation Soil, and Construction and Demolition Waste" enacted by the Ministry of the Environment and Forestry. However, considering the changing country conditions within the fifteen years that have passed since the publication of this regulation, new legal regulations are needed. As a result of the changing country conditions, the Ministry of the Environment and Urbanization of Turkey prepared the draft regulation, published in 2017.
This study was conducted to scrutinise the existing and draft C&D WM regulations in Turkey. Although the draft regulation was prepared to produce up-to-date solutions for C&D WM in Turkey, there are some issues that the draft regulation still cannot answer. Deficiencies were revealed with this study and recommendations have been developed. It is thought that the regulation should come into force soon after the elimination of these deficiencies has been completed. It is assumed that the enactment of this regulation will be an important step in the prevention and reduction of C&D waste. It is considered that the amount of C&D waste resulting from refurbishment and demolition will be managed under proper conditions by entering this regulation into force so that environmental pollution will be reduced, and economic losses can be avoided. Furthermore, in order to ensure the proper implementation of the regulation, considerable effort and improvement are required in the communication and cooperation between government, local authorities and construction sector professionals. 
